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O (57) Abstract: A semiconductor device has a gate electrode (12) above a silicon substrate (10) with a gate insulation film (11) in 
^ between. The gate insulation film (1 1) has a high-permittivity film (11a) consisting of a silicon-containing halhium oxide film and 
O a lower barrier film (1 lb) underlying the high-permittivity film (1 la) and consisting of hafnium-containing silicon oxynitride film. 
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ift^© ^#fr^gic *$ it 3 ^n^^b^ # mmt iztttz &wMm \zm^ mo 

h >*;U«3fcl;:J;Sy- h U-^S^COii^CDRgSA < SI^bLT< & 0 
3j-*-y--f K ( Z r O 2 ) t^fcV- KttlM* (WTs high-k 

filxKU SP601 3553 l£fSifc£;h,TU3ft3!v-cDhigh-k^ S^HKO)^ 

ZrOxNy) Xli^+^M'fbM;?- <t>A (Hf OxNy) J; >9 &3high-k>f- h$6 
UfrUfctfe,, ft*<Dhigh-k<f- KI6t»J8llifc^T:i* N 
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k le m m & ffl u fc * * -ftus & ass -e £ a J; o \z f § c t * e to t -t z 0 

high-k<f- bmmmiZV -{7nmW±VZ>Z\£*WMT-%Zo tot, high-k^ 8 

ztmz, *mftmf&<D%k&iz$ii+2>zrn-bx^-v>*±% < i-^^t^-et 

o 
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mw&*-m < t- a c t $ 5 o 

i fcLTARWiffilirilftMxS ivO (|ilx>01oy>0) t*IB 

0. 23^y/ (x + y) ^0. 9 0 Z h U l^o 

CODctai^l-^h. high-ky- h<6*J»(Dtb|JI**fe+«'«fe*:3!» t &. 9 00 
•ClftroifellUt LT fehigh-k^- h t64itta>MA«i^tt«;ttft(^fto - h & 

&XfS i t UTS5SIWBI<DtaJ««:MxS i y O (§lx>01oy>0) t^IB 

0. 23^y/ (x + y) ^0. 3 0 7rfci. Z £bW£ U U Q 
^©.tol^Shs high-k^- h«»BI<D«»itt#^*+»«-fe*i*<6x 90 
0°Cej*<Z)^fiia^«-Lr«feihigh-ky- h$6$iM(D^^ , tt§:5illl^oCIh 

MU7'«©<ifiSfeM«S i yON (lllx>01oy>0) fcfilB Lfch 
x/(x+y)^0. 1 0 TfcS LU 0 

o 
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1 (D^m^m^m^mt. -<D&m. mmTkxf 

&oz.hiz& k> , mmm & e> 2/ u => > £ ^mwi^i'&tfc £ -tt r s> u =3 >^ w 

fettS^f- Stetft&x o£ Ohigh-k^- h U - £ U 5 Z h £ 

WT#5o j^oT, high-k^- K*fe!itm©^fl*j^1±^[Rl±-^5fcto> ftfttt 

o 

£^%Z£lZj:VTW* l J7m*:mf£-fZ3Lmiz*<£lOZ£bm£\s^o 
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z.G>±o\z.-rz*L. z^* 1 ^**-- 

So 

Id J; «9 s i«*l&t *Bl&-f S x*I & * fc - £ * ^ lx o 

So 
So 

^B^iz:^sm2©^##:^sa)^*^lix at«E±ts 

«t * mi**- * x« . i>u =3 >^^^WflicD±iz y - h ®& t & s mmm 

j 
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Stot, high-ky- KI6«J»a>^6*iS?5ett3!i«lRl±-rsfe«)x W«H±©«*ife¥# 

wist** L-cmmmitftte a xm± N $fe^i3^*tts 5> u =i >^^mw 
js ^ t & # t? v - x r u * - -y- * ^ i \ c v d iz: ct «9 & j&/*-r 
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a<b-r & c: t t cfc o ±gp / \* 'j t 7 j* £ j^fig-r 3 x*§ * m x. r & z t tm * u ^ 0 
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o 

&^*i^*lM. OMS i £ UT5>'J =1 >^^I£*^JI£CD?M£ Mx S i y O ( 
<ILx>Ofloy>0) i:^l3-ri>h^l^^^n-feXT(DS^>UJS^T [°C] 

trnmistzt tic 

T^6. 69-y/(x + y)+7 4 9. 47rfc& Z\£bW £. LUo 
y/(x+y)^0. 3 OtfeSut^ff* Ut>o 

m2i±, Hfo 2 i'»-r^siit. Hto 2 (D&gkib&mRtfmtti&ikWi 
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§SH f ->'J f T- N(D$lJ#<Z)l^t&ffl£^t-|g-c7fc£o 
H4(4v Hf 0 2 IMPtSSili:, H f 0 2 £t(Dl±I^®^£:CDW#&^ 

H5lis H f 0 z Mld^An^i) Silts H f O2 M©{l*I'l4#t^<EM<&£ 

BB6 I*. H f O2 mzMmt* Sii^ H f 0 2 tt(D»tfi*j£j£14Xtf««1± 
h (7) H # * ^ 12 & o 

111 7 (a) ~ (c) \ttmw(»&2G>mm&mmi>*mwm&<»wk?ki5fe<D 

£ 7$1r §r® Hl"e fe 3 o 
(H8 (a) ~ (c) |**»RBO||l 2 (DgatJ^ttliff 

111 9 (a) ~ (d) it&&W(D$S2<DmiMmmiz&z¥mw&m(»m&i5mz 
as its p d A(Dftm&mw-fz>tctb(Dm-c&2>o 
111 oii. $&mmz&o-cH f 02 flgfr & mi ltu s t d s>*i^ct 

mi 1 lis *mw(Dm2<DmMmmim%¥mib^m(Dm&ijmztei+z>H f 

-t-butoxi defefflUfeCVD^lCfciJ^tifeHttH f O2 
01 3 lis S ilS/S i Nl/HfO z jgt/#U ^ 'J =1 >*a>«**$t*# 
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mi 4i*. mo s (Dmmm-c&zH f o 2 mizmlx, ^%bm(dw 
m 1 (Dmmmm 

WTv »mi (ommmmiz^^m^m. M^mzitM isfetc 
em (±* #1 <Dmmmmiz&%*mi*nm<Dmmmf&*mL-c^Zo 
mi 2A<^^*iriN5o s/u=i>at5i oi^feitsy- sm*n 2 am 

*JK1 1 a©TffllZ3&JS£ftfcT3P/t'J7lK1 1 bt, £8!fS3Mg 1 1 a(D±{#J 

(Hf 0 2 ) liv'J=D>/)^Stlfe#J«. a^v'J^^^-^m 
-f K (Hfx Siy0 2 (Hlx>y>0) ) ^6*fiS**iTt\*o ^ U =1 

>3£«1 0fcfcB&«*K1 1 afc(DJRj!6*l»±1-STSllMU7Bt1 1 b\t. MX 
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toSftfttff/M nmm^om^. «Ht*ftt1 1 at©*|MftJ|gtJll±2 nmlgt 
fe«9x TgP/\*'J7Ji1 1 b©«DSWfltJ*l±1 nm^CfctK ±SPAU7i1 1 c 
nmSTe&So AS£«*l!Jt 1 1 a N TSP/t g 7« 1 1 b 

U3>4:*tJ*««*Jlt1 Ult ^CDMLilfr'Anto o & *S Hfb L IZ 

H2l±x H f O 2 l3>«t-Si>U =3 > (Si) £h s H f Oa (Dffia<fb!&&;& 
LTtt«*fb#*&**tfDT?, ^Mt§iitt.ttl:1l!I* (Hf O2 ) 

#^II<b3*i5fott-??l4fcUo 

Si^hfS) h#.{if«a)H f 0 2 Kiit^fta H f H^cDtfe (&T> Hfl 
JShlJ-3) ^(DfPlZlWt-S S i >lJgcDj:bXi S*LTU§ 0 -Tfcfc>*> 

(X1 = (Sijgjt/ (Si»je+Hf»ft) ) XI 0 0 = 0%) 14 
S i #£<^£*ifcUH f Oz £liU tiitt^dtt (X. = (Si (Sii^ 
JS+Hf}^Jg) ) x 1 0 0 = 1 0 0%) I4H f #£<^£*l&US i O2 &£|-*- 

v Hf0 2 (Ofe»jbM»tfHfrfl*J^14«SEiajftl4±#-i-So «cfcfcx Hf O 

2 13 =1 >^inxi>chi3i:o-r N Hf 02 ©Hft6*j^tt^±iuru< zifctf 

dti!4 N S i A&mttZ.t.lZ&K). S ittHfQ 2 o*UHfS/'J 
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t^y^tjil'MLrRTP (rapid thermal process ) t£«K«t ■? 1 atm® 

•J «feTO)aA"eiix SittHf 0 2 JK^^UfeMO A-i>^mitl3*5lt^ 

±©$1*7? I* x Si^Hf O2 MlZfeltSSBfW&^WKO^ililCjeHLTMO 
S+-v/f->^<D l J-^«SiEA<3fti»fc:3«T®Jft , feiai*Dt-So d^t^s C-V (Ca 
pacitance-Voltage ) BlJfeKfc l\TAccumulation (Sft) ^STCO^fi^ift U 

Jfe, ttX, £7 0%J6Lt S i f Oa «tO)l5IS±f***iBT 

T&TP^U^TX^I^TScDT?. 1 2.0 0°C(D*S> r n-fe^*<*P*J-3fe»^ 
t'fe'J-^i^^jip^Tt^o *fcs J±Xi «<ht2 3%iUfc*ilt S 

£ UTli7' ; &>lU^7'^^«l/)^iB6lJTfe§feto. 9 0 0°C(Ds>^^n-tzX^n^ 

sfc. m2i3^-rj:3 lis s i (s i »kc+h f a*) x 1 oo^x, 
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□ -tzXSJgrotaffli:. S i Hf 0 2 S i ^JgfDtSSli: *7jk-fm& 

T = 6. 69 • Xi +749. 4#5£f§-e#5 0 ^D+jTJSjgS. 
tfS i }jgJ^liT = 6 . 69 • Xi +7 4 9. 4 ct <9 <fe,T{!!'Ja>®@lTfei> £ 
ItfcSo IWtliv Xi ©fifo* 19 s i f O2 <d$!j&#)*£oT^;i> 

jgfEH^&M+tltffc^&Uo 5£l-s ^n+J*(DKi^>.gJg#>*£oTU£>*§£\ 1£ 
^J;a[3S i ^JjP^+LfcH f 0 2 flUo* >3 Hf f>U^- hfllfciHR Ufcl+fttf 

irtttetifcv i^t^-e§5Hf s^'j^r- ho>ifM (x, ) <D&m 

«ife^UTU5o ID 3 I'^-rcfco CI. ■^□+JX«^>SJg^9 0 o°c^ 

lis X, (£2 3%Ja±T?&l+*il;f&e>fcUo 

B4it Hf 02 mwssiifcv h f 02 motmn&toMffi&TF 

LTUSo EKClfcUT. ±<D«ttlli S i :i:CD@3ch&i>> TWriifflXi = (S i 
}j§£/ (S i ;l|jg+H f aSA) ) x 1 00^ltu§ o T<D*£ttteH f 

Acorns LKZXz = (H f j^Jg/ (S i fllJft+H f mst) ) xlOO^lt 

ia4[3^i-ctdi3x h f o z mn&mnmt. x . #o%a>h£ s i 
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££<^-£&lMH f 0 2 m(D£.g) ^iS^2 4tfc^o £fcs Hf O2 HH* 

<Dm\tftmmm*ifo 1 1 Ma>i5is-j£(z>tt*i£i$*-3o Hf o 2 jji*> 

X, #10 0%(Dt£ (o£9 Hf US i 0 2 Jlg(Dh£) s ItmW. 

s*l±**j3. 9tfe§,^^ts X, &9 0%JJlTI3t-i»Z.h(3J;Os 

h N X 2 £1 0%Jil±l3^-?) CliilCJ; 19 . ^BttftlZia <.§.O^UfcJ:tI^£& 

tt i> h f 5> k mzmm-c t & 0 

&±(;rta0J3 irifev m 2 —EHCL^t- plucks fcx MBM^B 1 1 a (ift 
1 al^t^tl^gli*li1 1 afcTaJ/t'J7J«1 1 b»tf/XI± 

1 1 alZjfctfaXi = (S i «ft/'(S i »£+H f SUE) ) x 1 0 01*2 3% 

X , = (S imm/ (S ifllJS+Hf aiJSE) ) x 1 OOli, «si!niti 
1 a<D*M&H f xS i vO UIUx>01oy>0) h HiB U £ 2i # <£> (y / ( 
x + y ) ) x 1 0 OfcpjJft-CfcSo HtRlZs X 2 = (Hf »*/ (S i }HJK+H 
f }MJg) ) x 1 0 0I± N (x/(x + y))x1 OOtitTrfeSo ££s Xi 
X 2 liS i JRjftiiH f aU»hO)Wl^fe*-r , fe<©"CJfeS©"Px tt^h&S H f 
vU^r- h# N MlbH f v'J<r- h- h LT N £^A,7rU£>*§£\ 3HM£s C 1 x 

I2 5I* N Hf 0 2 KlSjSI*0-i-S S i Its Hf 0 2 RcDfeffittftft 

BU^iODX. = (Si (S i ?lJg + H f ME) ) x 1 0 Oltm 

Ltl^o £fc N Tffl«il*Hfi©@$i:ft5X2 = (Hf »&/ ( S i 



WO 03/001605 PCT/JP02/05992 

15 

+ h f fern ) x 1 oo^itu^o mmtn f o 2 m&mm&mnii* 

1&y->~7)l'%:Rm> ITx TDDB (Time Dependent Dielectric Breakdown meas 
urement ) fS^frfco ^ t =fc «9 ^ ^ 1 OOppm, te&l&iiiflt (MO S 
M«) 0. 1cm 2 . Sjftl 00°C N EPAnffiffVG =-1 V. EOT (S i 0 2 
&MtV) = 1 . 5 n mcUo^T-Cs Hfv^- M^(C^ft*Itt#^^ 
4t3feUfce**:BB5I^LTt\* 0 I.ts >7)\,lZtSlt 3 H f v'J'ir- K 
m<D&rfi\*. H f tt*feUS i 0 2 frb S i 4t**:UHf0 2 £-ecD$OT7: 

«ttJP$ffll3(ix T D D B|ii:^l^^t\e,tii) ; &-b->7 P ^G)$6^JK®«tt3 X 1 0 
~ 7 cm 2 fr£ 5 x 1 0" s cm 2 £7r©iB!S-C& 9 s $6*ilgl®3t 0 . 1 cm 2 H(D 

1 0 0°C*T(DtSlll-?rfe (9 s m$1 0 0 o CT?(Dff$I'l4#^^^to^^[z:l*s 
. ^&3M 0 0 p pmT©0$I1±#^fe^«)S^fz:lis T D D Btt*f3«t0» 
feUMSl&JEJILfco TDD BtS«ra*l6ttttTM V^H^I^Vg & 

^^s-^s v G =- 1 v-cnmm&m&ii&tbzm'gizit. (v« (tddb 

KRIS) -Vfb)/Tph ({ILVf bli^y h/\*> KSJE. T p h 
J^±^0D%Simj?) (Dj£fr *>m ^(DIIEox (real) tttJft-T^fS 
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£ 3 0%WTl:t§^tCcl: «9x mu&x.5hx X 2 £ 7 0 %JU±l3-T £ Z hIC 
«k«9. Hf 2/U>r- hBtffi««H±#*l*1 0^JA±fc3fe*o ffix H5Cfe^Tli 
x ^©Sf^E o x (real) HMUt, «fc 0ffle*EftK<DftMI1±JxH&©tti& 
&fTfc-3 Ivfctf. 'tbl'-ftx-T. T D D BKJ»B#0)V« ^#(3*tUT 

n Xli (Vg (TDD B££fftl$) - V f b) /EOT(0^e.f#e>^«> 
fet^Eox (effective ) I^IT^ «fc 0ffi3ffflJ^©fSJl«1£#t&a>t££fcfT 
«cofcttlftlZ-3UTtlSISI^tia)«lRl*:^Lfeo 

»«Ufe»^x H f S>'J>r- hflgdfcl+^Xi = (SiI«/(Si«fi+Hf 

M) ) x 1 o oii2 3%u±9 o%umzM**i*c:fca<#* bJ^ofco — 

3frx H5t5v^-tSJilzJ:Si: % X, £ 3 0 %JilTlZ-r§ 3 t I3«fc «9 x «*(14#f& 
tt^IIUbfcl^s X, (D»^ L^t£Hli2 3%W.±3 0%WTI^fei)o flL 

S6lix Hf 0 2 Mfd^iiq-rs S i Sfcx Hf 0 2 m©M^14^tJ ? ft$I , t4 

H6ld7F-r«fcol£x s 1 **t?H f O2 m& "9&3high-k>f- htt»JKl3«l3l^ 
5^ (tflfig) 5xl±7atXfig[(Dif* UUttBte** < 3ol^^lte>^5o -t 

X, + 7 4 9. 4cfc"9 i fcTl!iJ<DS5lSlTrfe?) 0 il©h£x 9 0 0 o C©7a-bXglS 
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Mfcm*TJtK«*(D:fc#3fc*«*3fctolZW\ Xi li 2 3 %iik± 9 0 %ilk 

UPol y-S i XliS i G e^£>f- S mmttHti ITiffit 3*§£\ o£9 

^^S^'l4St/«*I'tt©W^^m^lt-i>^^^fei.feto. T = 6. 69 ■ Xi 
+ 74 9. 4J: ^tiTfl^fe^fioX! 1*3 0 %J-MTTfe§®@1^5? ^ U^ c 3 
©h^v 9 0 0 o C-Cfc£h-ri>hs Xi I*2 3%1^±3 0% 

i>m~i£^£;K&[+fti£fce>kUo «k 9oo°ci±. v-^^M. h*b-f>$i^ 
i^±i3UiBjL feet aic. mi commmmiz^^t, y- s^sm uifi£t 

^MSi3ck^r^ifim^mi 1 a#i&IllblJ-3 3££lftltT:££o ZCDfr®, 

ft 1 o£ 9high-kY- h^liil-'J i; 

SCfc^WJ-PtS, lot, >r- h«6«k«l1 1 ©«ktt^14*<[Ri±t-«fe«>x 

ff!1 (D^fcJMlCJ;^. y-h*6«JK1 1 l::fcl+SSG8i«*li&1 1 a 

TSP^'JTBtl 1 bl±s nmn^Bl 1 a^fflKiti^rv'JnVitSI Otf 
ifb^ti§3h^te±LTU5 0 -T&fc)*.. ^U=3>a^1 0(D^®(3s S i o 
2 JKh™A©it»l«***-r*»ibJi^iSJBi:LTmfiR**».*fcx Y- Mfe 
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MM 1 ±W£ LTCDtbifltt^^MiwT^or L^afeto. TSBAUTllill 1 
££x ^1 ©HSS^^I3ct5h. TgPA'UTMl 1 bid. ^ISt««l1 1 ah 

5 (0*19x2 ^10%) zt\z&>o, T«j/t'J7i»i 1 b (Dkmm^*$hm#) 

t±t<t§3ttfTt§o ^-ftldttLT. IH4l^^-rJ:-5ICv TSflA'JT'Illil 
1 bdfcl** 5/ U n>£«#*£ <ftt)t^5k (*f*WldliXi 

H f >1^*X 2 = 0%frZ>'Pl,X't>lm< LTJ3< Chlis y- h*6«IS1 1 

£fcx *1 0)g|JSmJBl3«fcShx y-Htel»Jli1 1 Iwfel^-**BI«*J9I1 1 a 

s ±gPA*'JTH1 1 c(DA*U7 7 ^jm^l«I±t-i>o ±£PAU7I8M 1 cbK 

Mmnmm^ 1 atiwiD/x^-^A^^tj^hiCct^x ±.spa'jtjjsi \c©jt 
f^x mi <Dmmmmizfti\x, mmmmm 1 1 a (^rs^jbh 1 ai^izft 

*T*B§«*«1 1 afcTSPA-'JTfflM 1 b^tf/XliiSPA-'J^BII 1 ctA« 
ifea^to^ft/MSJIIt^&J;^) UlfcltSXi = ( S i mm./ ( S i H 
flA) ) x 1 0 Old: 2 3%W±9 0%WT(-^^ti§ClhAWS LU e 
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-MfelMJfcl 1 ©flM*1*#*fc+#«^Zfc#-p#*. U^U-X*>h 

UTHf 0 2 fcfflUfctfv dtUIttxT. Zr0 2 . TiOz s Ta 2 0 5 . La 
2 0 3 . Ce0 2 x Al 2 0a, XliBST (/\* 'J * A* h □ S A^£ A* 
^-y-^r K) ^ffiUtfei^o *Ul±x Hf xAl y 0 2 (iiLx>01oy>0 

*fe. jsi G>mmmmizte^-c. TWivrmi 1 bM±»^'J7«i 1 c 

l^fctf. dftlZLftxT. Ti NmtAimtammm (TItfT i Nflg) . Ta 
m, T i Nj&XliTaN^GD£Jilflt«fc'9fc3> l\frtf>3**JUy- 
UTt,«tt\o pt^JUy- h««i*mi: UT T i NlXliTa NI«^(D^Jlfli^^ 



g£ 2 
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S F E T©«3ft#a5lZ.-a^Tx il^tlL/^A^P^^o 
IH 7 (a) ~ (c) RXfm8 (a) ~ (c) lis f£ 2 <DMi^ttl£fl(%^i# 

*f N B7 (a) pS^'J ( 1 0 0) m&2 0±lZ, 

$5 2 OCO^SISMLT^RC A tf*HRH F}fr#£fTfc-5o *<DSU 7 0 

0°C^Jg<DSJSTTN Ha ^^fflUtll^O. Tnml^v^^HbK 
S i 3 N 4j^) 2 1 A4vU □ >lS2 0±Mt5o 3<Dh#x SiaN 4 I2 
1 A4MZl±***H-»f;:3l& Z.£ft%o «x S i 3 N 4 fl«2 1 AISg^ttlZTfiPA 
U7JJI2 1 (IU7 (c) 0m) t&5o 

ftlCs S7 (b) {ZtjkT^oIZ^ ;\7zH7A$:ttV-X7'J*-^ffl^fe 
CVD (chemical vapor deposition ) jSIZ.fc'Jx 5 n m^jS(DM7 — ^ A 
^-^•y-^f K (HfO z )I2 2A4S/U3 >a«R 2 Oi^^So 
N ifcteH f V — ^."Trfe £> H f-t-butoxide (CieHaeH f 0 4 
N +^U^Xfifc5Ii (N 2 ) ^*X&ilt-ii:l3j;or. Hf-t-but 
o x i d e4^7'J >^*THf - t-butoxi d e £ ^Ub £ t!r & o * b 
t, ^bbfcHf-t-butoxi de%ttN 2 ±fx£. »<b#JT?fca*S« 
tt* (0 2 ) ±»Xh±t|3. S'U3>«R2 0 (-^lA) #tt§£*ifc^>^- 
l*I^#M&Lfc#£>v 5 0 0°C^Jg(7)>^JSTTRTCVD (rapid thermal CVD 
) ilfe^ft^THf Oa & 2 2AfeMt5o 

Z.(D£Z, S i 3N4I2 1 Ali. mm<D0 2 J3XlZ£K)Wib£frT S i ON 
jHI2 1 Bhfe5. Si ONI21 BI± N 5>U =i>*^2 OhHfO* !2.2At 
(DBB(DSjS&teJh-#-S/t«J7'tt&*t-Sii^lZ7kill*+»^^"C'' x *o i^s * 
mm&MTH*. v'J^>Sfe2 0±llSi 3N4I2 1 A^^fi£Lfc^s HfOe 
12 2 AOymmmiZS i 3 N.I21 A^bltS i O 1 BWITU 
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i>#, S i 3N4I2 1 k-kKfot^Z-ttz < x Hf O2 i2 2A (Djfcf&ttJiZ v V 
□ >ttl£2 0(D3l®£ NaOtfXfeflHMTS'fb-f 3 Z£lz£ 9 S i O N12 1 B 

HI 7 (b) l^tliCfJUTv Hf O2 12 2A*tli, HfV-7 

^ic^afeft^Kfii (H) — *\ Hf v-7 4>i:t*ti5 

mm (c) lis ms#j<do 2 ^f^tcfc K>m^HTCo5ntco 2 ^^tft 
>A-rt^e.iM^ti5o *fev >ji-i*hzi±, Hf v-x^wssi 

TrfeSHf. O. C, H djbDx-T N a JiX&frfe-fZtf, 5 0 0°C^JgCDS^T 

S IMSji (2;^^>Si^) I'd: 0 H f 0 2 12 2 A£#*Jr Ufct^ 
3. H f 0 2 12 2A«t5iI«liHfM0tfeofe 0 Hf 
0 2 12 2 A Cite 3 x 1 0 19 ~4 x 1 0 20 [atoms/cm 3 ] §jg©Ch. 5x1 0 20 
~4x 1 0 21 [atoms/cm 3 ] m^(DH tt^^k^UX^t^o 

mz, Hf 0 2 I2 2Al:Wlt«I (WTv PDA (post deposition an 
neal) ) £*T&a o PDAIt ^J^Ii. iiii^llfcut7 0 0'CI^3 
0#P B ^ffe-3 o ZZ~C P D A ^fT^fe o Ztll^oTv S i ONI2 1 BtHf 
0 2 12 2 A £(Dmmm&lZ±t% : g.<b*m9 (a) ~ (d ) £#{lU&#S>s¥ 
L <ISB^-r^o ^©ctdlCv P D A(Ommm\ZiS^Xlt, S9 (a) 
oldx SiONI21 B&t/H f O z 12 2 A (i^ft^twJcfJi&^Irt^ 0 ^ 
dTv P DA^ilt^ts S9 (b) l^73v^-J;3l^v S i ONI 2 1 BStfH 
f O2 12 2 A(D*ti?Hfrib7kmtf7kmJiX£ LT^i:»t5ie^s El 
9(c) I373x^-«ta('s S i O N12 1 BRXfH f 0 2 12 2 A(D^*L^^©|*J 
mzmi (m*(D&A) £fl*E)cT:£3o ?Uts EI9 (d) \Z7jk-f£5\Z^ Zti 
e.(D^M^Ltv l J3>l*S2 0XI±S i ONI 2 1 B Ul^£;h,£> 5> U =i 
H f 0 2 12 2 A*\Zfa®.-t%iimz, H f O 2 12 2 Al3^^ti§ H f A ( S i 
ONI 2 1 BipJ3feift-r§o ^<D*SJ!I. HI 7 (c) Id^-T^aM. f&ft^1£<D 
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fUy'J u >tf H f O2 12 2?b<m^^ti^i:#l3. tmnmcDM^Hf^ 
S i O NMct <9&3TSPA*'J 712 1 /}^J5£^tt5o S^J □ >*#.H f 

0 2 12 2I±, Hf 0 2 12 2 AtfviJ =1 >CD*£tfel' «fc 0ttffi<fb**i£ CI fcUlcfc 

Tt-fc;b*3s PDAIC^a H f O2 JIM 2 2 A&tfS i ONI21 B^e»©7jc^ 

d<3D<ht.. P D AGD>JIjg£7 0 0 "C^lCiS^lJ-S 3 1 It, T^MtitiM & MWZ U 
TMMfe!§II:t5i:l^^x Hf XI* S i <DK;*«:&»fr* t 

uaSbJRx o*UzlfflJ(ift4t.fc6to 1 @©P D A*fffc-5£l* 

HfO z Bi22A(3Si K> ^Tr^^ttcDia l\ v U =1 >^H f O 
2 Wk2 2^"C$5i:*[IS i ON121 B in H f 0 aA/T?JtB«*0>"* 
UTSUtU7fflt2 1 (HfttS i ON Jig) *JBfi£T?S*o fifcoTs 5> U =1 >^ 
#Hf O2 M2 2^tJ t T^A*U7 7 )]g2 1 fc^fcy- h$feii#M 2 5 (08 (c) # 

2fcl^ v'J =3 >ttHf0 2 12 2©Siffi&«<2frfb-r3 ^fclZJ^T. El 8 
(a) l^^^"J:ai3 N J±g&W©SJi*JP£ 2 n m^co±gpn*U TJ^2 

ms (b) t^t-j^i;:. ±§0/^7^2 3a>±u: N ^-h«i^h&i> 

tfU^'J =J>JJg2 4£0O;LI£C V D^&fflUTMt5o y-h««iB 
tftmt$*mo^X<7Jt$-> (S^BS) tfflUTs jK U 2/ U n >Bi 2 4 , ±£tf 
A'U7J)M2 3 N 5>iJ =1 >ttH f O2 m2 2S.t/TgPA"J7 7 {ji2 1 IZtt 
K7-fi'y^>^4fT fcoo dtil^ckO. (H8 (c) CItt^ £ a IC\ TW*V7 
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12 1 N yiJl>MHf0 2 12 2RXf±%>Jl*J7m2 3 (D«Ji«ift&*rr 3 
f- htfe4MK2 5^UT, v'j3>M2 01l^- S«*S2 6»^^tiS 
o ^©f£x Km® 2 6£T*£ h LT, $/'J =i>StR2 OIZttL-cf 

o ^«i«!iaftk«2 7*CD^$iB4fei4:5g14ft*-ttSfc«>x 9 5 0°Cgj£(DiB 

j£T7r3 Of^lHWEflDUWiltafefTfeoo J-UlIIKaiLfellllctoT, high-k^ 

i^t?Hf 0 2 H22 A£JMLfcf£x H f O 2 i2 2AII^ltiiI (P 
DA) fcfTfcoT** ^ftl-J; K>mtfl£ tif^HZfr IsT is V □ > 

&Hf0 2 flit 2 2 A*l£t£»<*-frT5''J =i>Hr*H f 0 2 12 2*Mt5. 3. 
(DfctfK H f O 2 122 A+tS/'Jn >*3^^^^S-yrS^hA«Tr^^t#*f3 
x *^f3^?L^>N^LT5>U=)>^H f 0 2 12 2©«Mb#3it?o ZZT? 
x $1 ©gUfe^-T^fecta^x S/U =i>**H f0 2 l2 2l*m&-7niz* 
*(Dl*}&mmiZj:^T:&§kibU- < Ufetox yU3>ttHf0 2 JHt2 2<D*S* 

*HfO s 12 2£:£-rs>f- hfetKJR2 5 N o £ 9 high-k>f- h^iftMfdU - 
*«fc#£&3£fc*tt)ftiJ-x?#3o f/feoTx high-k<f- h<6*«©lftW*Jfett# 
(S]±-r?>fctox Mttro^tifc¥^^S^^ilTf#i»h^l^x 
it I - 33 1 ± 5 r □ -b 7 y- - 5>' > £ :*: £ < f 3 d # 7? £ i> 0 

*fcx *2 0)^3Ste^ll8^«k«tx H f 0 2 Jj*2 2 A^m^SHulrx S/'Ju> 
0±l3x TkJR&^fcS i 3N4I2 1 A^mj*1-§o fcu S i 3N4I2 1 A 
lix Hf O2 12 2 A*^-rSfctl3^b**ir S iONi2 1 BhftSo ^ 
<Df£x Hf 0 2 Hi 2 2 Al£*tLTPDA*fT*f5fc£lZx S i 0N$t2 1 
£;ft,3^'J=]>&Hf O2 JK2 2 A 3 „ £fcx S i ONK2 1 Bfr 

&***IIBJIIi*-btx ^Wl^^^tifcM^LTHfOj M2 2AIC#* 
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^§Hf*S i ONi2 1 B*lZfam£-&ZZ£lZ±K)T%VJt i J7m2 1 fcjfcfifc 
t§ 0 Z(Dfe*b, H f O 2 12 2 A^I-vU =3>fe5illlC#*-y:i»-ii^T#?. 
o Hf O* J3H2 2AXIivU3>t*Hf 0 2 12 2hv'J^>g*I2 0 

htfJ5JfolT£>3££l#ltT££o TSPM'U 7^2.1 IH. $/'J=i>##H f 

0 2 |2 2hlli;Hf diitfT^ SfctfK TSPAU:Pflg2 1 (Dtbl^ffi 

^&;*<t£. ^tiicJ:o ry- Mfe*tiil2 5 ±tea> tzzttf 

g2(D^M»J:5ts Hf 0 2 mi 2Ai:^lTPDA«:^dl 
^h, <f- M@2 6 hfcS/KU 2/U =i>J^2 4^Jf^-rSX^h(DF^lZ:, y'J 
□ >^Hf02 BS2 2©^®^:^ibLT±gPA*UTM2 3 *ff^1-i.o 
tox y_ s«^2 e^CD^hi/'J =1>#*H f 0 2 12 2^(D^h^StM- 
Mn^t^T^So ^fcx ±gU/\*'JTflS2 3 13. vU3>§tHf0 2 
fiS2 2 H f £^£-t*r§ Cl£:#Tf££feA6> _tSP/N*U 7^flM2 3<Dj±^tt^£ 

&m^frC V D>SI£J:9 H f O2 Jit 2 2 A £ff$J&-r& Hf0 2 «2 2 Alz 

&mmiz<$; £ -tt £ 3 k. we # & o 

HkT. Hf O2 J]£2 2 AI3MUTP D A&ff (^J^I^^B^H 

E11 Oli N lilCiotHf O2 fl£fre>J$itUT^<7.k^i£s TDS (ther 
mal desorption spectroscopy : ^-^M^zft) >£I3«J: oT>te Ltctfe^&Tjk b 
TU5o H11 OUlfclM:, ^IIAIiMii^JS^TFUTfc^. flfcttlUJu TDS)*I3 

ckoT)l'J^^tifc7Km^^a)X^^ h;u^JS*7FUru?.o EH 0 lZ7jk-t£ 0 

, »ii&t^4 0 o°c^jgi33s-r§h. Hf 02 mcommz®.m^fe7k 
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|«lU«)So *:<D'&. »i^^7 0 0•Cltl:at5i:^ Hf 0 2 Hi 

5 V 5. 6X1 0 20 [molecules/cm 3 ] h U 0 ?Sue^A«f»&*ifco &tz. i1 0 
H<fc^< feotU^o ftoTs P D A(D}^h LTli 7 0 0 °CM#*«-efc 0 

N clOcfcaiciajrr&chi-cfcoT. h f o 2 j*i;:#^*»*]fc7k*&iii&*i<* 

iWHf V-XTrfc* Hf — t— butoxi d e^fflUfeCVDSt 
J;0S i atttLtlZflSfiftStifcH f 0 2 JftcDtr^JMZttLTjfflttaffi^an&ffls 
S (#SB3ft£ : 1 0°C/#) £fr&Ufc#e>. ft^flMfeWf® T EM (transmissi 
on electron microscope) fe^UtiiStroH f 0 2 JgCE^-fb* ^(Di^gl^ L/c 

tea. JAT^nt^aB^Jixfc* -i-fefc*x (Hf 02 mnmrnw.®.) -c 

l*x SiS*50D±ld. S i ^?^<loHf M^tf'J>fcUf™i (S i ONBI 
2 1 BhttJfc) #^*-*fc#l;:R*®«fiD±l;:S 1 WWsUk < JLO H f Jl^ 

*<#uh f 02 mw&tE-t&o z<d'&, ^jg*±ifTtN < l 6 2 o-c^e, 8 5 

0°C£-e©^Jg$Ifc^;j3lN-C, #IIhHf O2 JifcCDlHIIIx ^Il^HSi 
m^Fft'Jtte < fi^ Hf O2 H«fc K) *» H f Jl^tf ^&l^S*fcifeJI#BJi & 
U*ft«>So S^WI3 8 6 0°C^S)^7-->'l-fetTfeofch^^x Hf0 2 JIh*g 
£*fci!lJI£:<©iBJ§«&& ($/Un>#*Hf O2 flg 2 2 fcttfS) 0>^tHfo3iKJ¥l± 

N ±#«n#,£ (^jg) ©Hfo 2 «ttb«UT»<&ofco -rfcfo-fex *ist£f£fcJi 
iS^ttteai&J*©«fti$H«fc 3 0«>SJEth«^<©t?x «rJ£a>*fl*¥fl6Wr®T EM 
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'>£u 0 Z0)1tlsb, P D AlZjgHLfcS i StK©«fbl*1 nmttTLfrig:e.f 

$£#Jkfm/l (TgPA*U7 7 fli2 1 £:*tf&) ©l?£l£0 . 5nmSJthfe§ 0 t^o 
Tv f^®/f fcltfcHf v'J^- h«JI*ii±fls©]±gS®2£jra < SUSHI. »«l 
«««£#© EOTI*#m:'.h£<fc3o ?Jc«^^i? H f V -X 

ufecvD^tisHf o 2 m&mmt. high-k^- ^mmmcomi&iDfet lt 

CVDSiCiUHf 0 2 fltfcJfcfiSUx ItHf 0 2 MlCMLT, Kr3fi©*»*«6»f 
(H-effiStt«k(il5h^^iB^&-rx ^-ODI^m. Hf 0 2 JI(D«M<jfefe14(Dafc#x 

EI1 1 ft. Hf-t-butoxi d e&m^fcC V DScl3«fc •JJKfiB^Ftifex 

§ c ^^i^tt. ^mmmtL-cmmmms. 0-3. 3nm<DHfo 2 jig 

y- hW^^^A^tife^^J^S^b-r^fetocDT 7 --^* 9 0 0 
°C V 9 5 (TC&tfl 0 5 0 o C7rfT^ofeft[-»MiJ^0 Ur<r- hiffVg 
SWADUfco HI1 1 tfeUTs «tttl±y- K«JE (V g) &^UTfc«9 x 

ig^^Lrfe m\±9 5 o-c-cjiwaLa*fT ^ofctt©ti©;itef4^ir 

fcip. Alii 0 5 0^T»&3*fTfcofcfc#©M©^3£ttfe^LTU3 0 

E1 1 1 M^-J;-5lz:. Hf-t-butoxi de fre>JM H 
Hf 0 2 K&fflL>fc«^. ®tefb7 = -^M*±fffc»^tefcU-C«&x 

1 0 5 OWttlLTt^^o *x H4ttHf 0 2 llIi3UTlix P 
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bmfflLfel^i)30^Tt^ il 1(3^-rcfco(C 1 0 5 O'C^je^fe^fC 

HI1 21*. 7h^fe^*fe^V-^. Mftfftldliv Hf-nitrato (Hf 
(N0 3 ) 4) £fflU£C V D>^l^ct tJJgJ&^ft^ HSf*ftUHf0 2 Ml'** 

ICIi, V- StettJg*: UT4feiSl«R3 . 0~3. 3 nmcDH f 0 2 flg&fflufio 

KS®[^>iA^tL^ :; r : $^^>5'l±'(b-ri>fe«)©7-->iU^: 9 0 0°C. 9 5 0 
-C&ZJM 1 5 0 0 C-Cff«cofe^lcaStEffl"J*OVhUT^-h«ffiVg*ep*PUfc 
o 1211 2l3fcUT, Sttttt^T"- SmEE (V g) ^^LTS3»3s JftMlttx 
LTl^o Jfcs Ml* 9 0 0 o CT?|^«ka«:fr&ofch#0D^S(Di|iJ^«:^UT 
fc^v ♦1*9 5 0°Ce»M*ff^t>fei:S©e!*©ajJgtt«:^LTfe»?x Af* 

HI 2(^^-rJ;olc:s Hf-n i t ratofr^^tits H^J&^H 
f O2 JBt*ffl^fc«dv MfeMOS+^A'i/^ LTWx.5i»>^li9 0 0 

°cmmt.X'-c&^o mi 1M1 2izijKirmm&n'&-tz£. H^tjHf o 

HmHf0 2 JftftfflUfcW'&O^jVs ttft^ttfifcfEffiJftfcfcU 
1211 3 li, S i3t«/S i Ni/Hf0 2 J»/tKU i/ U =1 >18l(7)flgmBS*:* 

x §MO S+^/\*^^(D-tJ->^JKz:^-LT. SfRSSfflft^T 9 0 0°Cfr6> 1 1 5 
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0°Cg=T<D;M©>£'t±fb7 7 --;U£ 3 Ofj>IHfTfco StSflJ* 0 Vh UT 

-1. ovcD^r-KttJE (Vg ) *EPinur'j-^ss!EjQ ©wjfefcfrfc -=> fro 

H^ttH f 0 2 MliH f-t-butoxi d e kB^/fr/cfc (Dt 

J g (DjWJMSjFLTft "9 s DliHf - t- butoxi d eiffll^ctt^OU 
El 1 3 (ZLtj^-T =t a Id. Hf-t-butoxi d e fr6fl5E&£;h,fcx H&$fc 

Jg comMtm 1 «f©*rc*P»J*tifeo Ht^fti^fOj jg 

fcffil*fc**fcl*x )5tt<b7 7 --;U)^S^±lffei:tl3'J-^«^JG *<i^3«T 
s -Dt. K) H4ttHf O2 M^rfflUfc^ttb^T 1 0 0 Of&SJK«felf*PUfco 

S/U n>MK±IZx HmHfOi IMH^^^Hf0 2 B(D 
€-*i**i*Ri:*B31it» (3 nm) T*t«Lfe»-&lix ^®l^C§Hf0 2 
MODE O Tej^Lfci:C3, HfetfcH f O2 Jg£±g*lL£:*§-g-l± 1 . 1nm 

7?^^. Hmft^H f 02 m^mm^fem-si* 1 . 6nmtfeofe 0 

N H^#t?H f o 2 m&mm\sfem&(Ditffiwit. H^&^HfOiis 

mmis1ti&&(Dftmn&£*) ! btf>1 . 4 6{g©frofc 0 otitis H&^frHfO 
2 Kfci£fltLfc*£\ #®JihH f O2 Miinffl-eS i &tfH f CD*SSi£lfetf± 
GT#ffiSl£H f «fc 5 IZfc*ttSx ^®JlSP»6DJtgl^*^t <i£ 

5>U=i>^±IC N H£^fcl¥£3. 5nm(DHf 0 2 flg£JML£f£ 
v 1H f Oz flilZttUTP D AM ( 8 0 0°C, 3 0?J>IB) &*Tfcl^ ^CD^, 
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MgKai^^fflUfcXPS (X-ray photoelectron spectroscopy) felZJ:*) Hf 
0 2 m&mmmfr* S i x OMHf^ilJ^Lfeh^v PD A*&IIf£a>Hf O2 
JlQlMli, Hf ^0. 6 0 N Si#0. 49 s 0#2. 0^tLfc o ^ 

bh 4iis mo s^^jtisf&m&m-c&zH f o 2 m IZttLT 

P D A^fr*:o/c^l3fclt§s Hf 0 2 JK^Mit^CDMli)?^ s MOS*-\> 

HmHf 0 2 m^r^lliL/cms I£H f 0 2 JB£ld#UTs JE*I^J6 0 0 0 0 P 
a (4 5 0 torr) (D^mmmH^-C 8 0 0°C N 3 OfJsPlfDP D A ^frfe H N 

(iIttUT^;fr>}±A£rT&o£f£ N JE;W1 10000Pa (7 6 0 torr) 

(Dmmm^mn,*-c 9 0 o°c, 3 o#p^(D>stt<b'7---iu£*TfcUx ^a^iu sts 
«ovtut-i-. ovcD'tf-hSJE (Vg ) =&EP*pur »j -*«siej« <d;iij 
^^fT^ofco £u h f 02 mj&mw'&oyammmit.-x.vyv * h u -a (fli 

*ffll^T»J^**lfc*.©TfeSo IfcttflDfc&x Hf 0 2 EllZttLT 

P D A4fTfe-5H^tBSltMO S + t^v^©^>7iUCOUTt> H f O 

2 BSj*j^itm©#isMJ¥ii. mo s*+rtis*&mt<Dv -*n%it<DM%i£m 

m 1 4(C^-rctolc:s PDA^fTfeofc^fiD^tf^ P D A&frfcto&U^ 

o 2 m*izs i seiix )Si4<b7^-,iH3«fcoTHf 02 mwteskib-r 
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eti-So mi p d A^ff^o^^fdfcMts^- k - 

^wiaiit Ht o 2 m^mmwm^ <t^\^mm\zM^-z^o 

/smi^x mmm^mizMLTP d a (/Kx h • ^tk^s > • 7 --ju) £*t& 
r^. m2(Dmmmmiz^^x. ?- vwm2 6 1 ut**u s^j ^>m2 4^m 

ZHiZit^T. ^WJ^^ffl^T^ckUo ^Jx«. S/'J =1 >tf H f 0 2 
12 2CDf|®&^ftL-£*IU h«4i2 6 iiteZ T i NMl/A 1 JJUfc^M'.y 
# 'J >^l3cfc ^jll^lf^LT^cbtNo 3HW;fcs v'J =i >^^H f 0 2 B2 2(D 

Ui^tHf 0 2 I!g2 2<Dmm*mbT%Ziite<, Ti NJKXfiTaNBW 
«UTtJ:Uo H<D*£\ Ti NJ&XteT a NJ8*fI S i XliG e T 

<Dl&mk\Z-^ £t>\Zf&Wkm. (PMA : Post ^totalization Anneal) IzIMtLZ Z\£ 

(St'5t7r'J 2/^©»i!>3b<ttB**l«o P M A O^Jgli 7 0 0 "CtiUitf 

tatrfe^o H4^#t5^4'-C4 5 0°C. 3 0»lfflgjft©7 

LTHf O2 fcfflufctf. 3*U;:ttx.T N Zr0 2 . T i O2 . Ta 2 0 5 . La 
2 0 3n C e0 2 N A 1 2 0 3s XI* B S T (A 'J ^AX h u^f? -OJ^zt 
+-y--f K) IfflUTUUo i&Uti. H f x A 1 y 0 2 ({IUx>0lOy>0) 
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butoxi d e&ffl^fcC V D&lUck «9 H f 0 2 12 2 A£±i?SL£:tf, Zti 
EftiT, CV DS6*fflUS»^IZl±x 7kmhA7-^Ah*#t,^0)H f V- 
T.T'UTJ-tr, fclxtfT 1 h7 + 7vif;i/7$ (T D E A H : Tetr 

akis diethylamide hafnium N CieHio^Hf ) ^ T h 5^ JUT 7 5 ^ 

/\7- , )A (TDMAH : Tetrakis dimethyl ami no hafnium^ CuHseHf 0< 
) > XliT 1 h7+7l^ K + v2^^>iU2^ , n7K+i>/\^-'7A (Hf (MM P 
) 4 : Tetrakis 1-Methoxy-2-methl-2-propoxy hafnium^ Hf [OC (CHa) 2 

ch z och 3 ] 4 ) ^^urtxkUo ifetWis /\7-^Amn*Hf v- 

X^'J^-tN 0!lx.l£H f - n i t r at o (Hf (NOj)O 7.KfSt£^fc 
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Fig. 3 
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Fig. 4 
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Fig. 6 
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Fig. 11 
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Fig. 12 
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